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tractions. Maximal voluntary contractions (MVC)
were determined at the start of each experiment,
,and 20 minutes later the first of three successive
hand-grips was made, at 30%o MVC, to fatigue.
The intervals between the contractions were 10
and three minutes respectively. Over the 10
days, there was no change in either the maximal
strength or the duration of any of the three
hand-grips held to fatigue. This failure to im-
prove either the strength or duration of sus-
tained contractions is consistent with several
previous observations (unpublished) in our
laboratory with either hand, with tensions up to
60%7 MVC, and over periods of up to three
months. Furthermore, there was no change in
the heart rates or blood pressures before and
after training. These findings are obviously at
variance with the observations of others. The
hand-grip is a reasonably common activity, so
that our subjects were presumably partially
trained before starting these experiments, but
in view of the findings reported in the literature
(including the influence of training on hand-
grips) it was, at first sight, surprising that none
of our subjects showed an increase in muscular
strength.

Large daily variations of the muscle strength
of individuals are normally reported in experi-
ments on training. This variation is most often
attributed to daily differences in motivation. But
it has also been suggested that "trick" anatomical
learning procedures may play a part (an explan-
ation that reflects on the design of the dyna-
mometer). Such a learning procedure might be
expected to improve the recorded muscle
strength progressively through a training experi-
ment and might, for instance, account for some
of the dramatic changes in strength following
astonishingly little daily muscular activity. In our
experiments, the dynamometer.was designed to
eliminate the effects of stray bodily movements
and trick anatomical maneuvers. The motivation
of our subjects was high. Day-to-day variations
in muscular effort were small (with a coefficient
of variation of never more than 5%o, and some-
times as low as 2%o). Can it be that a proportion
of the apparent improvement of muscular
strength in training experiments reported in the
literature may be due to simple anatomical
learning in the use of the dynamometer? If so,
what may be the dimensions of that proportion?
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EARLY STuIDEs
MAN'S interest in physical-psychological rela-

tionships is traceable at least as far back
as the times of Hippocrates, Aristotle and Plato
several centuries B.C. Yet in the more than two
millennia since, there has been relatively little
specific gain in our knowledge of these relation-
ships. Without doubt man's inquiring mind did
not altogether overlook this field in all this time,
but the inquiries were speculative and hypotheti-
cal rather than experimental, and psychological
theories paid little attention to physiology and
physical factors. This state of affairs caused
Aldous Huxley' to criticize the science of psy-
chology in these words: 'What is, I suppose, the
most serious, as it is certainly the most con-
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spicuous, shortcoming of all-the absence of any
mention of the body as a conditioning factor in
the formation of a personality, or as a determi-
nant of thoughts, feelings and behaviour." Al-
though this criticism was fairly accurate at the
time of its writing it is no longer valid. In this
generation, and more particularly within the past
decade or so, there has been a growing interest
in the scientific investigation of physical-psycho-
logical relationships.
Some of the earlier studies seem, in retrospect,

vulnerable to criticism on many counts; none-
theless they are efforts deserving of mention.
Choosing various psychiatric syndromes as the
psychological variables, these studies sought to
determine the relationships between these syn-
dromes and physical fitness. For example, one
such study explored the relationships between
physical fitness as measured by the Schneider
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method and various types of schizophrenia; a

group of normal subjects were used as controls.
The results were thought to demonstrate an in¬
verse relation between physical fitness as thus
measured, and mental illness: the schizophrenic
subjects were less physically fit than the normal
controls.2 A similar study at about the same time
included among the subjects not only schizo¬
phrenics, but also manic-depressives and psy-
choneurotics; mentally healthy persons and ath¬
letes were used as controls in this study.
Differences considered to be of significant mag¬
nitude were found between the psychiatrically
ill subjects and the controls, with respect to
physical fitness as measured by the Schneider
method.3
Although the method used for measuring

physical fitness seems unsophisticated by more
recent standards and although the psychological
variables studied were somewhat unsatisfactory
because of uncertainty as to their reliability,
these studies are of some interest in showing
correlations between physical fitness and psychic
or psychological factors. They appeared to de¬
monstrate that as physical fitness increases,
psychic illness diminishes.

Composite Factor Studies
Several studies have demonstrated positive cor¬

relations between athletic ability and the general
level of social adjustment, as determined by the
use of sociometric techniques, teachers' ratings,
and the California Test of Personality.46 If ath¬
letic ability and achievement is accepted as a
reliable and valid indicator of physical fitness.
and this is somewhat uncertain.these studies
show positive correlation between physical fit¬
ness and the rather complex psychological vari¬
able, identified as "social adjustment".
A somewhat similar study focussed upon the

relationship to the academic index of college
women to physical fitness.7 Academic index was

determined in the usual manner (A grade equals
4, B equals 3, C equals 2, etc); thus it repre¬
sents a rather complex, composite psychological
factor. Physical fitness was determined by the
physical fitness index prepared by the Spring¬
field College Physical Education Tests and Mea¬
surements Laboratory. This study showed a

statistically significant correlation between aca¬

demic index and physical fitness.

Discrete and Multiple Factor Studies
A number of studies have investigated the re¬

lationship between various distinct psychological
factors and personality traits, on the one hand,
and physical fitness on the other. In the majority
of these studies, the investigation of the psycho¬

logical factors was based upon self-reporting
questionnaires; a few used projective testing
techniques.
Many studies focussed upon athletes of more-

than-average ability, selecting only those who
had won places as varsity athletes or the even
more restricted category of champions. It is not
certain that athletic prowess equates with gen¬
eral physical fitness: however, unless this is de¬
monstrated to be invalid, it seems reasonable to
assume that the two are more or less equivalent.
Some interesting information bearing upon the
relationships between physical fitness and dis¬
crete psychological factors, especially as these
are revealed in specific personality traits,
emerges from the study of athletes.
When 270 West Point cadets, who were letter

winners in high school football, were compared
to a control group of non-athlete cadets using
Cattell's 16 Personality Factor Questionnaire8
the athletes were more sociable, dominant, en-

thusiastic, adventurous, conventional, and group-
dependent than the controls.9 Another study of
athletes of championship calibre found them to
be more somatotonic than others, the controls
being more viscerotonic or cerebrotonic.10 This
study used Scheldon's Scale of Temperament for
measurement of the personality traits under
investigation.
The psychological factor "tension-anxiety" has

been studied in relation to athletic prowess.
Using the anxiety factors in the Minnesota Multi-
phasic Personality Inventory as the method for
measuring anxiety,11 varsity athletes were found
to have lower anxiety scores than non-athletes.12
This study seemed to demonstrate that athletes,
presumably physically fit, were less anxious than
non-athletes, presumably less physically fit.
However, in another part of the same study, it
was shown that college freshmen athletes had
higher anxiety scores. Since it might reasonably
be assumed that freshmen athletes are approxi¬
mately as physically fit as varsity athletes, the
entire study yields ambiguous results, suggest¬
ing that some factor other than fitness must
account for the lower anxiety scores of the var¬

sity athletes.
Other research has used projective psychologi¬

cal tests to detect and appraise variable psycho¬
logical factors. Twelve athletes of championship
calibre, studied by means of the Rorschach and
the "house-tree-person" tests,13 had uniformly
high scores for self-assurance, ambition, aggres-
siveness, and anxiety.14
High school girls at a high level of physical

fitness showed a statistically significant correla¬
tion between enhanced body image and fitness
when contrasted with girls at a lower level of
fitness.15 The tests used as measuring devices for
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the psychological factor under study were the
"draw-a-person" test16 and the semantic differen¬
tial test.17
These studies are fairly representative of this

type of research. The findings are interesting and
suggestive. However, there is little standardiza¬
tion of the measurement of physical fitness, and
in most instances this is simply implied by ath¬
letic prowess. Nor is there any uniformity in the
methods of testing for the various psychological
factors; some are self-reporting symptom ques¬
tionnaires, others are based upon the analysis of
self-recorded personality factors, while others
make use of projective techniques. The particu¬
lar tests used in these studies are generally con¬

sidered to have a fairly high degree of reliability.
Their validity, when used as measurement de¬
vices for establishing correlates of physical fit¬
ness, is not yet determined. Commenting upon
studies of this general type, Kroll and Petersen18
urged caution in drawing definitive conclusions,
and stated, "The confusing perplexity and con-

flicting definitions of personality traits, unreliable
test instruments, inadequate statistical analysis,
and the disconcerting carpriciousness of indi¬
vidual assessments have all contributed to the
problem." They go on to say, however, that
the advent of multivariate statistical analysis
offers some promise in newer work on profile
analysis in personality research.

It is not possible in a paper of this length to
summarize, in any detail, a multivariate study
because of the complexity of such research.
However, a fairly representative example of this
type of investigation will be described in barest
outline.19

Eighty male college students were given a

battery of physical fitness tests and a series of
objective and questionnaire psychological tests.
Thirty-eight variables were obtained from the
various physical fitness tests. These 38 fitness
variables were correlated with 35 psychological
variables; the psychological variables included
Cattell's 16 Personality Factor Questionnaire,
anxiety ratings by two psychiatrists in personal
interview, two questionnaire tests on friends, and
15 factors that had been obtained by factor ana¬

lysis of a total of 113 different psychological
variables obtained through a variety of tests.
Analysis yielded 116 significant correlations be¬
tween the physical fitness and the psychological
variables. Obviously these cannot be repeated in
this paper; however, two illustrative examples
follow:

1. Dynamic strength, as measured by the num¬
ber of "dips", correlates with: more friends,
more adventurous, and more maturity; less
anxiety and less tension.

2. A high score on the Schneider Index of
Physical Fitness correlates with: more inhibition,
more assertiveness, more sensitivity, and less
overall anxiety.

Before-and-After Studies
The studies cited thus far demonstrate a num¬

ber of correlations between physical fitness, as

measured or inferred by various methods, and a

considerable range of psychological factors iden¬
tified by a multiplicity of testing devices. Implicit
in these correlations is the idea that the psycho¬
logical factors will vary or change as physical
fitness increases or diminishes. There is, how¬
ever, no demonstration of the validity of this
implication. In order to demonstrate that change
in psychological factors accompanies change in
physical fitness, longitudinal studies of the be-
fore-and-after type are necessary. There have
been some studies of this type.

Sixteen children with various neuromotor
problems were studied before and after an indi¬
vidualized physical development program which
consisted of eight one-hour sessions. The psycho¬
logical factors studied were body image and
self-concept; the tests used were projective in
type and consisted of the "draw-a-person" test,
a semantic differential test and a projective-type
sociometric test. In addition to these tests, the
children's teachers made before and after ratings
on a nine-point scale designed to measure per¬
formance. This study reported definite improve¬
ment in the body image and the self-concept
after completion of the physical development
program.20
However, another study employing a different

method of testing body image and using many
of the same children as subjects, obtained find¬
ings which were uniformly negative; there was

no change in the body image as tested after the
eight-week physical development program. Test¬
ing was done by an aniseikonic technique, which
requires the subject to view his body or parts of
it while wearing special lenses and to answer

"yes or no" if he sees distortions.21
A somewhat similar study was done on 10 re¬

tarded males, but the experiment included a

much more extensive program of physical fitness
training totalling 48 hours over an eight-week
period. The change in physical fitness was care¬

fully measured by several tests, and showed
significant improvement. The psychological
variable studied was the body image, and the
method of study was the "draw-a-person" test.
The experiment demonstrated that there was

significant improvement of the body image for
all of the subjects after completion of the pro¬
gram of fitness training.22
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Not all of the before-and-after studies em-
ployed body image as the psychological factor
for investigation. Another experiment of interest
employed a battery of three personality tests
(Allport's A-S reaction study, Cattell's 16 per-
sonality factors, and the Kuder preference re-
cord, Form C), yielding a total -of 28 personality-
trait measurements. Body image was not
included. The experimental subjects were 26
high school boys, with a control group of 24.
The experimental group participated in a strenu-
ous physical-fitness program over a period of
nine months, whereas the control group engaged
in only the regular physical-education class. The
physical fitness of the experimental group im-
proved significantly more than did the fitness of
the control group: 21.7 percentiles gain in fitness
as contrasted with only 3.9. Analysis of the re-
sults of the "before-and-after" psychological tests
yielded strikingly negative findings: the experi-
mental group changed significantly on only one
of the 28 psychological factors measured. The
factor showing significant change was the cleri-
cal score of the Kuder preference record. This
experiment appears to indicate that psychologi-
cal factors of the personality-trait type do not
show significant change as physical fitness
improves.23
An experiment of the "before-and-after" type

which investigated another kind of psychological
factor is of interest. Radiotelegraph operators
were given two and one-half months of physical
fitness training, consisting of four hours weekly.
At the conclusion of this training, they showed
improved performance at their jobs and im-
proved general psychological functioning as
measured by the digit-span test and the numeri-
cal problem-solving test.24 These are sub-tests
of the Wechsler adult intelligence scale. They
reflect the subject's attention and concentration,
and thus are considered to be indirect measures
of the degree of anxiety.

DISCUSSION

There is a general assumption that physical
fitness has psychological correlates. The concept
of body-mind relationships is age-old. Psychoso-
matic research has indicated that physical
changes result from continued psychological
states; it seems logical to assume the reverse,
that psychological changes result from physical
states, such as fitness. Although there is a gen-
eral assumption that this is so and considerable
claims rather vaguely documented, there are sur-
prisingly few firmly validated data.
The earlier studies, examples of which have

been cited, are of historical interest, but they are

of no substantial help in devising an experi-
mental approach to the problem.

Correlation studies show relationships be-
tween many psychological factors and physical
fitness. These findings are interesting and de-
serve scrutiny for possible leads into further
research. However, they cannot be regarded as
valid indications of psychological change re-
lated to increasing physical fitness; it is equally
possible that they reflect predilections: i.e. per-
sons with certain psychological characteristics
may gravitate to physical-fitness programs.
The before-and-after type of experiment ap-

pears to be required to obtain valid data con-
cerning psychological changes related to fitness
training. To date there has not been sufficient
research of this type to enable us to draw any
firm conclusions. Of the studies reported, those
concerned with psychological factors of the per-
sonality-trait type have yielded negative results.
The most promising results thus far have been
obtained with studies focussing upon body
image as the psychological factor under investi-
gation.
Body image is defined as "the way in which

the body appears to ourselves",25 or "the picture
of one's own body in his mind".26 Body image
can be tested by the "draw-a-person" test and
the Rorschach test. Both tests are considered to
be reliable for determination of the qualitative
factors related to body image. There is no gen-
eral agreement that either test is reliable for
determination of quantitative factors.

Description and measurement of psychological
factors which change in relation to physical fit-
ness require further research in the future.

REFERENCES

1. HUXLEY, A.: The oddest science. In: Collected essays,
Bantam Books Inc., New York, 1960, p. 319.

2. LINTON, J. M., HAMELINK, M. H. AND HOsKINs, R. G.:
Arch. Neurol. Psychiat. (Chicago), 32: 712, 1934.

3. MCFARLAND, R. A. AND HUDDLESON, J. H.: Amer. J.
Psychiat., 93: 567, 1936.

4. MCGRAW, L. W. AND TOLBERT J. W.: Res. Quart.
Amer. Ass. Health, Phys. ERuc., 24: 72, 1953.

5. HUEY, T. R.: Comparative study of sociometric status
and athletic ability of Junior high school boys,
Master's thesis, University of Texas, 1949. Un-
published.

6. BIDDULPH, L. G.: Res. Quart. Amer. Ass. Health Phys.
Educ., 25: 1, 1954.

7. HART, M. E. AND SHAY, C. T.: Ibid., 35 (Suppl. 3,
part 2): 433, 1964.

8. CATTELL, R. B. et al.: Sixteen personality factor ques-
tionnaire, revised edition, Institute for Personality
and Ability Testing, Champaign, Ill., 1956-57.

9. WERNER, A. C.: Proceedings of the National College
Physical Education Association, 65: 100, 1961.

10. BALCH, W. E.: Quoted by Cureton, T. K.: J. Ass.
Phys. Ment. Rehab., 17: 14, 1963.

11. DAHLSTROM, W. G. AND WELSH, G. S.: An MMPI
handbook: a guide to its use in clinical practice
and research, University of Minnesota Press,
Minneapolis, 1960.

12. BOOTH, E. G., JR.: Res. Quart. Amer. Ass. Health
Phys. Educ., 29: 127, 1958.



768 PHYSICAL AcrIvrrY AND CARDIOVASCULAR HEALTHC Mar. 25,1967 VO. 96

13. BUCK, J. N. AND HOLLES, I.: House-tree-person pro-
jective technique, Western Psychological Service,
Los Angeles, 1946-1956.

14. JOHNSON, W. R., HUTTON, D. C. AND HoHNsoN, G. B.,
JR.: Res. Quart. Amer. Ass. Health Phys. Educ.,
25: 484, 1954.

15. SCHULTZ, L. E.: Cited by Johnson, W. R.: J. Ass.
Phys. Ment. Rehab., 16: 165, 1962.

16. MACHOVER, K.: Personality projection in the drawing
of the human figure: a method of personality in-
vestigation, Charles C Thomas, Publisher, Spring-
fleld, Ill., 1949.

17. OSGOOD, C. E. et al.: The measurement of meaning,
University of Illinois Press, Urbana, 1957.

18. KROLL, W. AND PETERSEN, K. H.: Res. Quart. Amer.
Ass. Health Phys. Educ., 36: 441, 1965.

19. WELLS H. P.: University of Illinois Abstracts of
graduate theses in physical education, 1958.

20. BONNIWELL, H.: Quoted by Johnson, W. R.: J. Ass.
Phys. Ment. Rehab., 16: 165, 1962.

21. BELZER, E. G.: Quoted by Johnson, W. R.: Ibid., 16:
165, 1962.

22. LEIGHTON, J. R.: Ibid., 20: 4, 1966.
23. TILLMAN, K.: Res. Quart. Amer. Ass. Health Phys.

Educ., 36: 483, 1965.
24. PETRUSHEVSKII, I.: Psychological Abstracts, 40: 767,

1966 (abstract).
25. SCHILDER, P.: The image and appearance of the hu-

man body, Kegan Paul, Trench, Trubner & Co.,
Ltd., London, 1935.

26. MCCANTS, R.: Quoted by Johnson, W. R.: J. Ass.
Phys. Ment. Rehab., 16: 165, 1962.

Commentaries
Commentary: A. PAIVIO, London, Ontario

FINDINGS from an experimental study carried
out by an interdisciplinary research group

from the Departments of Physical Education,
Medicine, and Psychology at Western suggest
that the psychological effects of exercise may
depend upon the person's interpretation of
the relevance of physical activity to a par-
ticular deficiency. Psychological tests designed
to measure personality variables, emotional (or
mood) states, and attitudes toward the self
were completed by four groups: an experi-
mental and a control group of postinfarc-
tion ("cardiac") patients, and clinically healthy
("normal") adult men before and after a 24-
week program of graduated exercises. The nor-
mal controls were sedentary throughout the 24
weeks, but the cardiac controls participated in a
weekly recreational swim. The most reliable

Commentary: M. L. HOWELL, Edmonton,
Alberta*

THE term "motor educability" has commonly
been used to describe the ease with which

individuals learn motor skills. Single tests have
been proposed to measure this factor on the
supposition that there is a "general learning
ability", and that individuals who learn one
motor skill well will also learn another motor
skill well.
Of course many factors affect the rate of

motor learning, for example the difficulty of
the task, the length of the task, the number of

*Prepared in collaboration with R. B. Alderman, Fitness
Research Unit, Edmonton.

specific change was a reduction in anxiety scores
for the two exercising groups and the cardiac
controls; in contrast, the normal controls showed
an increase in anxiety after the 24 weeks. In
terms of overall changes on a large number of
rating scale items concerned with feelings of
happiness, pleasantness, confidence, success,
cheerfulness, and the like, the cardiac exercise
and cardiac control groups showed comparable
changes in a positive direction. This occurred
despite a higher level of activity and greater
improvement in physical fitness in the cardiac
patients who were exercised. In comparison with
the cardiac patients, the normal subjects who
exercised experienced slight negative psycho-
logical changes. Thus beneficial psychological
effects appeared to be related to the cardiac
condition and to participation in a program ap-
propriate to that condition, rather than to the
level of activity per se.

trials, the spacing of those trials, motivation, and
drive level. Further, psychologists have now
shown that there is a high degree of task-speci-
ficity in learning. Woodrow' found evidence of
this with verbal material, and Heese2 reported
extremely low intercorrelations between indivi-
dual differences in the learning of fine motor
skills. Present evidence&6 suggests that motor
learning tasks are so specific that the concept of
a general learning ability is not tenable. This
does not mean that there is no general or com-
mon variance or that some common factors do
not exist. However, such general variance is al-
ways small even when acts are very similar.
Typically such common variance is of little im-
portance compared to the item-specific variance.


